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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF 
^™ DICATIONIC "REVERSED AMIDINES" 

lOOOll CROSS-REFERENCE TO RELATED APPLICATIONS 
[0002] TlxepresentapplicationclaimsprioritytoUnitedStatesProvisionalApphc^^^^^ 
NO. 60/246,244 filed November 6, 2000, the disclosure of which is ir^corporated herem by 
reference in its entirety. 

[00031 STATEMENT OF GOVERNMENT SUPPORT 
[0004] This invention was made with government support under gran, numbers 
ROIAI 46365-01A2 and R01GN61587 ftom the National Institutes of Health. The Umted 
States government has certain rights in this invention. 

[00051 FIELD OF THE INVENTION 

[0006] TWs invention relates to the tieatment of microbial infections caused by 
Mycotaceriun. ^rculosis. Trypa— spp.. Cand^ aMcans, Aspergillus spp.. 
CryptosporUilun, par^, Giar<lia lamWa, Pla.n.oM^ spp., PneumocysUs ca.nn. 
Toxoplasma gondii, Fusarium solani. and Cryp'ococcus necformans. 

(00071 BACKGROUND OF THE INVENTION 

[0008] The incidence of microbial infections (e.g.. mycobacterial, fungal and 
protozoal infections) in the immunocompromised population has s,gnifican.ly increased over 
the past several years. In particular. Canauia species, especially Can^a albicans, are often 
significant pathogens in patients infected with human immunodeficiency vn.s (HIV)^ 
Mother pathogen. ^»«,.oo^.«.-,>.«.causesaform„fpneumonia(PCP) that .sbeUeved 

,0 be one of the leading causes of death in patients suffering from AIDS. 

[0009] Human Afncan trypanosomiasis (HAT) has reemerged as a threat to over 60 
million people. Current estimates are that between 350.000 and 450,000 people are infected^ 

[0010] Other severe and life-fl«eatemng micrx-bial infections are caused by 
Mycobaceriun, tuberculosis. Asper^Uus spp., Crypiosporimun. pann,n., Giardia lamblu,, 
Plasmodium spp.. Toxoplasma gondii, Fusarium solani. and Cypiococcus neoformans. 

[001 1] The antimicrobial properties of dicationic molecules have been studred since 
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rr,.^, — r ~rr- 

. V / 1938 32 lllA92 Bl.^^^,B.L.cX.UAntmicrob.AgentsChemotherA9^^^ 
ParasitolA93S,32,l// iy^,oi<x^ ? 5 1099-1107; Bell, et 

1 1 SIV Bell C A et al., Antimicrob. Agents Chemother. 1991, 35, 1099 110/, . 

E^^'="— ^^^^^^^^ 

Chen.. .995, 38 9 , 2260-2265; Lindsay. D. S. et al., 

Francescon, et al., J. Med. Chem. 1999 , 

, iQQi 3! 1914-1916; Loune, E. M, et al., /inn. '"IP 
,4gCT» Chemother. 1991, 19W i^-io, 105-312- Das, 

,L „ 289 304- Lourie, E. M. et al., .4«n. Trap. Med. ParasUcl. 1939, 53, 305 312, U 
1939. 33. 289-304. L«un ^ ^ ^^^.^.^^^^ ^^^^^^ 

B. P. etal.,JMe<i.Ctem. 1976.20.531 5:10, ue iqqr « 2495- 

,999 44 223-228; Del Poeta. M. e. a... An.in.icrob. A,en,s Chemother. 1998, «, 
o'-Deipoeta M et al., .nr,..™*. ..en« 1998. «, 2503-2510. 

00. 1 Despite the b.ad ..ge of acUvity exhibited by dian^dines. only one 
1 of 1 chetnica. type, pentamidine, has seen sigoifican. eiimcal use. Pentanndme 
ny aX ^«ean t^a„oso„...s, ant— 

• Anted F I. C, Pharmacol Ther. 198U, J^, 

and P. cann.f pneumonia. See e.g., Apted, , ^ 

Bryceson, A. D. M.et al.. Trans. Roy. Soc. Trop. Med. Hyg 1985, 79, 
T . al Antimicrob Agents Chemother. 1974, 5, 289-293. 

T., et al., ^n^^mrcroa g of dicationic molecules have been shown 

[00131 A number of compounds m this class oi aicax 

L""^ ^ . ^ . , ... ^ ^P.tails of their interaction with 



nfDNA at AT-rich sites and the details of their interaction With 

~1 mAandthenby^^^^^^^ 

. tCois— n„ole.es, e..) o. possibly by direct it^bi^ 
Tan „u , F. A. et al., J. Biomol. Struct. ^ Oyn. 1994, U, 1063-1083.; W.so., W. D. .1 
T 1998 120 10310-10321 ;Bailly,C.etal., .4„«-C<.n.er Dn-g De..gn. 1999, 

M . C*.J, .996 36 4554-4562; Guerri, A. et a... Nucleic Acids Res. .998. 26. 2873 2878. 
^s^: C r«a... ..oM...^l-.-, 5655-566.;Bee™.T.Aeta......... 



o^TRell C A- etal., Antimicrob. Agents Chemother. 1993, 

37, 2668-2673; Dykstra.C. a eta. . „2-121; Henderson. D. et a... W«<-. 

Hnde.n.dt, E. e. a.., . Eu. ^^^^^^.^^ 27128-27.38. 

"n;-:::::::"- — r 

Boy.n,D.W.e.a. ..M..C...m.^^^^^^ 

'"""•'T:;"8 6 . -e »o.eon,es have .own 3n« 

J . Parasitol 1998, 8^1 ^ ^^^,^«„c 5ee Del Poeta, M. 



.ave .he i.i„o ^up of the a.»dine ^^^^ -^^^^^^ ^ ^. These 
V^own amidino furans in which the .mmo group . d^cUy^ ^^^^^ 
co^pot^ds, herealte.. are refetted to as — ^ 

substituents on the central phenyl rmgs of the 2,5-diphenyItur 

compounds are also described. ^^^^ i„ 

,00181 one .pect of the — ^^J^™ spp., 
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[0019] 




H alkyl alkoxy,halide, and alkylhalide groups; 

selecea ftom U,e group consisting of H, alkyl and aryU ana 
rnA^Ai Yi,0 S or MR,, wherein R9 is H or alkyl. 

[0024] X,sO.Sor j^^l^^e phamaceutical composruons 

i T "n.on„a"), in a pharmaoe.icany acceptable earner^ 

LU thereof (le., an acuvc y tlie treatment of microbial 

ffl ~eu.ica,co™posUionsof.hepresen.i„ve„«,on.ensefiU»««^ 

effective to treat the microbial infection. 

[0027, A further aspect of the present — - * ^ 



[0028] 

in the specification set forth below. 
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^0030, FIG. . mus«a.esv»iousche.ica,sch«nes.hatn>ayb.use 
of compounds of the present invention. 

,03, present invention now ^ ^ ^ ^ ,„fLea emhod^ents 

.ferenee to the accompanying specficatton and drawmg ^ ^^^^ 

of the invention are Shown. set forth herein. Rather, 

fonns and should not be construed as "> * complete, and 

«.ese embodiments are provided so that thrs >~^'^^^^ 
.UlMyoonvevthescopeoftheinventiontotho. .^^^^^ ^^^^ ^^^^ 

10033] TKe terminology used in the —™ , ,o limiting of the 

,^oseofdescribh.gpart.u.arer.od^^^^^^^^^^^ 

' forms a , an anu ui«- 

n invention belongs, ^^i^ f P>r.tiretv 
3 mentionedhereinareincon,oratedbyrefer»ee.„*^»«^^^ 

,00331 W.threspecttothe«,mpo^ds f*^^^^^^^^ 
^fers to Cl-10 inclusive, linear, branched, or cych .^^^^^^^^ 
.d aU^ynyl) hydroc»bon ^ ^^^^^^^^^^ 

butyl, isobutyl, tert-butyl, pentyl. hexyl, octyl, *eny^P P ^^^^ 
oe.eny.,butadienyl,propyny..butyny.,P^ty.yU«^^^^^ 

tert-butyl. substituted alkyls, which include 

,0036] The term '^l" also — ^o.e„. 

aminoalkyls, hydroalkyls, oxygen-subshh. ed alky ,3 „,ed herein, 
substituted alkyls0.e.,alkylhalides,polyhaloalkyls). The term 



herein refers to CI to U4 imedr ^ n to r4 oxygen-substituted alkyl, 

-vu .orrr, "alkoxv" OS uscd hctein refers to CI to C4 oxyge 
(CH2)20H, etc. The term alkoxy as ^^^^j^^^ 

halides of the pre^t invention include CF.. ^^^.^ 

. P-VU naphthvi, and ^ ^^^^^^^^^^^^ ^pHti.,. - ^ 

; but not Umited to tolyU substituted phenyl. rf^g, and polycycUc 

1 — ted«i.hhaUde,an.ino,nit.o,and*e *e. H^^^^^^^ Specific examples of a^l 

; .ontafic ^ups are also included in ^ '^^^ , 3„bstiU.ted .d 

^upsencontpassed by the present i„ventton ,„c.u<^^-e^ ^,„pHene, pyrrole, pyran. 
S unsubst.tu.edpyridine,,uino«ne,cyclopentadtenyl,P ^^^^^^ 
. in.<la.ole.iso.hia.ole,iso.a.ole,pyra.o.,P.a..ne.^^^ 

. ,oups^luaepyria.e,sub.U^^^-^ 

;E [0039] The compounds of the present • ...e but are not limUed to, the 

R phamtaceutically acceptable salt fonns. ^ ti'ti; ^.f.e, hydrob^^^^^^ 

- ..uconate,,actate,acetate,.artara.e.ci.ra.e,phosp,.^bo^. ^.^^^^ 

hydrochlonc salt, of the -"^^ ^n^s "active compounds" or "active 
pharmaceutically acceptable salts are referred to herein 



plen. — .e use. .0 .e. — I — ^ 

treating all known species of Trypanosoma, wim iryj. 
Trypanosoma cruzi being particularly preferred. 
Table 1. Examples of inventive compounds 




A. «f the nresent invention are set forth in Table 1, in 
[0042] Examples of compounds of the present mvem 

H n. chexane means cyclohexane, Ph means phenyl. Am means 
which Pyr means pyndme, c-hexane rncmi* y 

amidine, and Qu means quinoline. 
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o»Kiprt afflicted with a microbial 
.„pou„aofFon„».a(I).o.aph— ..V -^^^^^^ 

.0 alleviate (e.g.. mi.iga.e. decrease, reduce) > , *e 

^cro«l„rec«o„.U.no.n.essa.*a.^^^^^^^ 
s^p.omsofmei„fec«on.as.o„g^*b»efi^^^^^^^^ 
tt.e de^irncn.. Likewise. ..e.er.s..lrea.^d ..^^^^^ 

rr:— :-rra=or.^^^^^^^ 

r3ecUse.ecled..ad— io„of.ecor„po.ndo.»^^^^^ 

to-, -a.e..ec.of*epr^.— 
:L:!:;X::rrr::.e.eds.ec.. S.ec.™a,.ad.. 

i„ve„.io„by any suitable means. "^'"^ intravenous 

. a U,uid or solid, — "^r;;—: coU active 

injection. Phannaceutical formulattons of the pres^ pharmaceutical 

^ invention in a «-".;7;f ^T,: ..p^eal, (including buccal. 

^ fonnulations include those suitable 

■ sublingual,dermal.vaginala„aintraocular,pa--^^^; ^^^^^^^^^^ 

oscular, intravenous and intraarttcular) ^^ r^^a upon the anatomic location of 
^ultablerouteofaam— .nauygtv^^^^^^^^^ 

fl,e condition being treateam the subject, the n . „ti<^ may 

„eatea. and the particular active compound whtch ,s bemg u ^^^^ 
eonvenientlybepresentedinurUtdosagetorm^dmaybepreparedby 

well known in the art. „«ii„™ent accoraing to the invention (the 

T::rs : can, acceptable salts thereof (the 

"formulation"), acttve compounds or P ,^,,ble carrier, lite earner 

.3cHvecompoundsO are typically admrxedw*^^^^^^^^^^^ 

„„s.,ofcourse.beacceptablei«.hese„seofbem^ mp, ^ , a 



example, a whic. n,ay in .he —Uo. 

eo^pound. one or n,ore ac.ve compounds ma be mc rp ^^^^^ 

pharmacy consisting essentially u 

.ore accessory .herapeu.ici„gr^«t. ^^^^^^ ^ ^^^^^^^ ^„ 

[0047] Fonnulanons sun^ble f<. „„„.^„i„, , p«le.ennlned amount 

„„i.s, such as capsules, cachets, lozenges, ortbet^^^^^^^ ^^^^^.^^^ 

ofthe active compound, asapowder or s.anules,.as^U^^^ ^^^^^^^^ 

ornon-a,ueouslic,uid;orasanoil-in-watcrorwa.er-m. .^u^ 

. prep^ed by any suitable may cont.n one or more 

..ociation the active compo^d and a su .^^^^^^^^ 
accessory in^edients as noted above). In geno^. ^ 
,...hy — .or 
divided solid earner, or both, and ^^^^^ ^^^^1^, 

5 example, a tablet may be p^ ^ — Issory .gredients. 

1 containing .he active compound, °' J citable machine, the compound in 

i Compressed^bletsmaybep^^by— 

. afree.flowingform.suchasapowderorgr P folded tablete may be made by 

: ^er. diluent, and/or surface —^^^ J V^tened with an inert liquid 
i molding, in a sui^ble machine, *e P^^^^ J^"^ ™; ratings Icnown 

3 bWer. Fomrulationsfororaladminis«a..o„mayo^.»a^^^^ ^^^^^^^ 
* in.hear..opreven.degradationofthefbrmulat.onmthestomacb 

drugin^esmallintcstine. ^^.^^^ p^^,^^^, a<taims.ration 

[0048] Formulations of the present ,, „„, rffte active compound, which 

. ^sesterilea^ueousandnon-a^ueous.^^^^^^^^^ ^ 
preparations ^ preferably — J'^ and solutes which render the 

preparations may :n:;nded recipient. Mueous and non-a,u.us 

formulation isotonic with the blood evening agents. The formulations 

..e.. suspensions may include suspending ^ ,,,, ampoules and 

^, .e presented mumtXdose or m.t.-do. —^ 

cr:=;::or._-^::: 



compound or salt ,s provided .n the torm ^ eomposition 

suitable for injection thereof .nto a subject. The ^ J ^ ^ 

compounds disclosed heretn ^"^^^^^ or salt thereof is an aqueous- 

suspensions is well known m the art. Wh«. the ^ „„,ed into lipid 

------ rr^^^^ Of L c<»n.u„a or s... the 

vesicles. In such an mstance. due to the ^ center or core of the 

compound or salt wil, be subst.«a„. e.^. «^^^ 

Uposon.es. ^ ''^'^ ^ -"tl:!! -! ^en the compound or salt of interest 
; either contain cholesterol or may be cholesterol Ir ^ 

, w^r-insoluble, agata en,ployins -^^"^ ^^.^^l^™ „«ch forms the stnicture 
: ™.besubst..i..— ^^^^^^ 

r cr— ------- -'"'^^'^^^^ 

^ -I., Ofcourse,.heUposon. — — ~ 

— :=ar::— ^ 

-'^-''''-''''^ZTrl^^^^^o.^^^^' t»e Phannaceutica, fomrulations »a. 

[00511 "«a<i''i«'ves. In particular, usefitl pH-adjustmg 

contain other addiUves, such as pH-ad,ustmg ^^.^^ ^^^^^^^ 

.,cnts include acids, such as hydrochloric -Oas«orbu««. 

multidose use. 
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. • „r the oresent invention may comprise 
^0052, Pharmaceutical formu.at.ons of *e p„u.ica. 
„.pounas of the present invention in i.oph.U.e<. " JJ^,,„,„„ . 

^tionsoftheprese.— m.^^^^^^^ 

pharmacentioaliy -->"*'77^ J";'^,„ , ph^raceuticaiiy acceptable carrier, 
hy admixing the compounds des^tb^ ^^^^^^ 
„t«yaccep.b.eea^e..ep^«^^^^^^ 

""":"'::x"ra:utlL(J,pHetoS)orco„ventio„a.cu>t.emedia. 
compound may be m.x«imabu ^^^^^ ^.^ ^ ^ ^ 

10053] ^'*^^^-'"';^^*;::„,„„,,i,i„tHescopeofpresentinventio„,may 
dosage of any specific compound, the use of w ^^^^ 
.ary somewhat .om compound to compound a..d -"J-' ^ „ ^ 

a ,e condition of the subject and the .ute ^ ^ hody weight, or even 

2 ------- 

compounas of the preset invention may be administered in conjunction 
Jotherantiv.ra,compounds,asmaybedetermtnedby«.*m^^^^^^ 
t00561 Theprese„tinventio„isexp.a.edmgrea^deta.«*eE^»^ 
T^ese ex^unples are intended . iUus^^ve of *e mvenbon. and are not to b 



thereof. 



100571 EXAMPLE 1 . 

e0058, -era.Met.od...gy=Cbem...Syotb^^^^^^^^^^ ^^^^^ 

,03. MeUing points we. detenm^-^^^^^^^^ 



^ rHa,(7 24ppm). Mas. spectra were recorded on a VG 
„sidua, DMSO (2.49ppm) -^^"^"^ ^ ^ .ectao.ogy. Atlanta. GA. 

— 1" I Lc Microlab, Norcross, GA. All fina. 

Elemental analyses were perfom^ed 3^ hours before elemental 

componndsweredried,>,v.a,o(o.lp«mp)a. - ^^^^^^^ ^^^^^^^ 

...sis. unless ot.™rses«ed,.,r.^^^^^ Hslrer Sclent.c. or Lancaster 
^..vents) were purchased ftom A.dn ^^^^^^ ^ eth^ol 

synthesis and used as recerved. Acetonrtn , g.Di„„hyl-4-nitrobromobenzene 

(M^, were distilled .or. the indicated drymg - 'J' ^ding ,0 the literature. See 
S-(«lmethyl) ^•''^-1^1^^;:^ L.^ov^. O.— • 

B.M. Wepster, Rec. Trar. CHin.. 73. 809-818 1954), D 

3,,™(19n);B.G.Shearer.«..r.— -^^^^^ 

lOOaOl C Ifr^relateto^Uran^^^^^^ 

resent invention. Although the ~ ^^^^ Jl,„,„„, compounds such as 
- tnethods illustrated *erem may ^o be c^a«^^^^^^^ ^^^^ ^^^^^^^^ ^^^^^^ ^ 
*iophene compounds. Refe.ru.g t _ 

eorresponding diamine compounds ^^^^^^ ^ ^ ^^^^ ^ substituted 
i begins with SUlle coupling between . - ^ tophenes. 

. hromonitroarenes to form the correspondmg ,5 br*n P 
; Reduction Of the .S-Hs-nitr^e^-^ 

, stannous chloride produced the destred „ ,j,[„ittophenyl] fuians and 

J .amino»a,ogswerer.tainedbyt.t^s^^^ 

thiophenes to amines involvmg .ere prepared by me 

^^sponding arylimino compounds. The d gu ^ „f 

— thn°^:"o:r:t— :wi.btwoe,niv.entsof.<. 
~::si— L^--— -----'^^^^^^ 

%00.3 ^e.-bis<4— .-^^^^^^^ 

good yield by reduction of the ""-^""""^ ,.^.„i^ derivatives, in nmt. 

hydrogenation (Pd/C), stamrous chloride or rron/AcOft ^ .^.^ 2.5- 

we,epreparedbythepalladiumcatalyzedcouphngof2,5b,s(tr, 

MsCtHmethylstanny^thiophenewiththeappropriateh^^^^^^ 
[0062] In the following examples, compound numbers 



[0062] 
compounds in FIG. I. 



in 



100631 EXAMPLE 2 

,0064, Prepara«.» •"'^''"<~'"";;::Utio„s of a ge„«a, procedure 
[0065, Thefouowingrepresentauveproced^esar^v^ 
p.el„s,ydescribedi„A.Ku»are,a,.,H.e..O'C<-C«mm.5.30 

^ Yield- 88%; orange fluffy solid; 

„p 269-270 °C CO. recry^U-1), ht. mp 270-272 C, L g. 
1994,116,8784-8792. 

A '>K^ To a solution of 2- 

,„„„.3.„— ne (4.32 . 20 n^C) » "^^^^^ J,^^^^^^ (6.46 g, 10 

,) in anhydrous l,4-dioxa„e (50 ml) was added 2,5 bis (« J 
L, 1 .e nature was .ea.ed ovemis.. ^ 

o^ge suspension was diluted with he.»es (15 ml , „^ 

«.redto.ve,a«erri„.ngwi.h~^^^^^^^^^^ 

p„duct was recrystallized from DMF (100 ml) J ^ ^ ^3 

85%) mp 242-243 °C. 'H NMR (DMSO-A): 2.69 (s. 6H), 
;!,2!;).L.Calcd.rorC„H.N.O,(33S.31):C,H,H. 



C,H,N. 



J Yield- 71%; fluffy 

C,6HsCl2N205 (379.15): C,H,N. 

fluffy golden needles; mp 158.5-159 C( ' 2.4 Hz, 2H). Calcd. for 

, = 8.7Hz.2H),8.57(d,J-2.4Hz.2H),8.62(dd,J 

C,.H,F.N205(446.26):C,H,N. 



100721 EXAMPLE 3 

,00731 preparation „f 2,5-bU(4-ami..pheny,)f.rans 

,0074] (ThefoUowi„gproceduresarerepresen.a«ve) ^^^^ 

00751 ii-Si.f^-ammop'-^OAran (Compound 3a). Y.eld. 

J _50psi. After*e«pta.eofhydr„gens«bs.ded(^^^^^^^^ 

reconcentrated witt> benzene to g,ve a yeUo ^ 
m/z 310 (M^). 
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, , 0, , ,93 °C Catalytic hydrogenation was not explored. 'H 
teown solid (0.74 g, 71%). mp 191.5-193 C. C J ^h), 6.68 (d, J = 2.2 Hz 2H), 

6.82 (s. 2H). 7.56 (d, J = 8.6 Hz, 2H). MS (EI): ^/z 318 (NO- 

oil crystallized from EtOAc/hexanes m two crops ^ ^^^^^ ^^^^ 

S../. mp (f— crop) B9.5-91 W^f; "^^'^ ,3 , . Hz, 2H), 7.43 (d, 
5 79 (br s, 4H), 6.52 (s, 2H), 6.82 (dd, J = 8.4. 2.4 Hz, 2H). 6 

J = 8.4 Hz, 2H). MS (EI): m/z 386 (NO. 

flu«y solid; mp 144.5-146 «C. 'H NMR (DMSO-.s). 2.01 (s, 6H), 
; 2H),6.29(s,4H).MS(ED:>«A306(M*). 

n 100821 Prepan.t..»of2^b,s(4 scheme 2). 

i [0083] (Tbefo«owin«P-'=^»--;^7;;;;i\con-po^ 

r [0084] ^^^'^('-"■^■■''''''''^Ti:^^^ B 25 n».oI) and l,3-b,s(.«- 

t: .e™perat.esol.io„of2,5.bis(4.a— ^ 

I butoxyoa.bo,^-^-tM-^-«J^;^;^^,,„^ 

0 addedtriethylamine(1.59g.l5.7™r,ol)follow ^ ^ hours. After diluting 

„a the resulting suspension was stirred at ^^^l. _ eelite and .be 

.t. CH^CUandsodiunr carbonate s—-^^^^ 
filtrate was washed well w,.h water (3X) »d J y ^^^^ ^ 

«,lven. was removed in vacuo and th res.due ^^^^ 
protected bis-guanidine as a "^^f "^/jji,^ ...ud (1.25 g, 68%). mp >400 «C 

rr^:rrn.:::3C:3(.2H),7.^ 

11.61(br s,2H). 
2H). 
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.^rAr.linnC^anidinophenyl)furan (Compound 4c). 

2H). 



IP 



[00901 EXAMPLES 

m0911 Deprotection of N^'-di-BOC guanidines 

... renresentativ 



[00911 ueproicvw"" ^ 

[0092] (Tl'-foUo-'^SProced^resaxerepresentanve) 

U --^^---r ^^^^ -> 

of ,he corresponding ;.^ *BOCguan.dme ( .19 g^ ^ ^.^ ^^^^^^ 

,„.Mwi«>dr,EtOH00rn.)andsa«„ate^™^^ 
HC^T^e solution was *e„ stirred a. roorn e^^^^^^^^ 
p„auctslow,,precipi«Ung(sborterreae 

.Keresn.tingsuspenstcnwas.nc—— . near dryness .0 give a 

E,OH. After filterrng .0 clanfy. to solut ^^^^ 5^. 

Cai:d.'forcLH„N.O.2HC1.0.25EtOH(407.30):C,H,N. 



■A- 0 rr^ethvlDhenynfuran dihydrochloride (Compound 5b). 

Ta„soUd,mp26« > C a- MS (FAB. .hiog.ycer„.W. 363.3 

4H). 7.56 (br s. 8H). ^ 2H). ^ 5H.O.O.66E.OH (496.93). C. H, N. 

(MH*. 100). A„al. Calcd. for C2oH22N60.2Ha.l.5H2^J 

,009, 2,.B..-.— ^^^^^^^ 

.H,.7.5S(.,s.SH).7.95(a.2H).,0.0SC..s,2H MS^.^-^.35 ^^^^ ^^^^ 

310 (100), 267 (38.9), 251 (8.8). 155 (18.7). 
C^22N.O3.2HC1.1.0H2O.0.33E.OH(500.57):C,H,N. 

Jsoaa,.p300-304Tdec..HNMK(DMSO...)7. 1(3.2^^^^^^ 
„2(brs.8H),8.04(d,2H).MS(DC.,— ):'»/^365,m^^^^^^ 
78), 323. 321. 319 (11. 66. 100). Anal. Calcd. for C„H,.a2N.0.2HCl O.5H2 

Bis (4-guanmno-2-trifluoron,etHylpHenyl) furan diHydrocMon^ie 



H,N. 



,,,, ^^^^^^ 

5,. Off-whltesoUd. ■HNMK(DMSO-.e): 2.20 (S.^^ 6.6^2 )^^ ^^^^ 
(br..8H),10.09(brs.2H). MS (FAB. .h.oglycerol): m/z 391.2 (MIT , 
C22H2eN.O.2HC1.0.5H2O (472.41): C. H, N. 

,„„ — ^^^^ 

calcd. for C»H2.N.S.2HC1.0.5H20 (554.52): C. 64.97. H. 4.91. N. 



H, 4.89; N, 10.14. 



J R^- H 4 92; N, 13.68, v^i, i^ "''- 

13.64; CI, 14.38. Found: C, 58.83, H, h.^^^, 

,001011 EXAMPLE 6 

, (10 ml) was added trie*y.am,„e (0.22 g, 2.1 rmn ) 3 hours. 

* (0.30 g, 2.1 mmol) and «,e r^uHmg suspension was s,,^ ^^^^^ ^^^^^^^ 

i l.e.(10..>was*en.dedandd.ep^P^^--^^ 

(0.44 g, 96%), mp 312-314.5 C. n 

(d, 4H), 7.89 (d,4H). 7.97 (d.4H). .0.33 (brs m ^^^^ ^^^^^^^ 

[00105] The intennediate bis(benza«.de) ^''^ ^^^^^^^^.^^M^B^ 
,^,,„usdich,o— (40n,l).d.ea.^«^^^^^^ 

,,_,alongwl.2d^pso.nMan^^^^^^^^ 

a solution was obtained (20 hours). Th 
a yellow solid, which was co-evaporated wrth d^b^^en^^ ^^^^^^^ 
.as dis«>lved in anhydrous dichlorontethane (^0 ">« ,i^„, overnight at 

^^-'-^-r:'::::^!::::::::^^ . ..w sou. w.ch 

room-temperature, the turbtd mixture was ^his ftee-base (0.44 g, 100%) was 

triturated with 0.5W NaOH, collected. a. ice-bath temperature was treated with dry 

aisso,vcdinboiU„gEtOH(50ml),flUe«^^»--^ ^^^^^^ 
HCl. After failed attempts at inducmg prectpitatton w 



„p,42-248»C. •HNMR(DMSO-..):7.26(s.2H).7. 8 d 1^^^ 
Calcd.forC3oH«N,0.2HC1.0.H.0.1(C.H.X545.87):C.H,N. 

[00106] 2.5 Hist" n ,5.bis[(4-methylbeBzamido)phmyl)fliran 
(Compound 6«). Following .he (0.50 g. 

was firs. oMained as a pale yellow sohd by reaOon of 2,5 b s(4^ P 
.0 ™nol) wi* 4-memylben.oyl chloride (0.65 g 4.2 r^r ^ ^''^^ 

350.5 »C. 'H NMR (DMSO-d.): 2.39 (s, 6H). 6.98 (s, 2H), 7.34 (d. 4H), 

(dd,8H), 10.25 (brs, 2H). 

= ^„„(.Calod.forC,.H..N.0.2HC1^.5H.O(566.51):C,H.N. 

1001081 EXAMPLE 7 ,^ .^„i^..,.^ophe»y.}f«ran 

(001091 Alternative preparatioD of bis usaK, y 

derivatives (Scheme 4) product was 

[OOnO] The following experimental is representauve. In some cases, ft P 

purified by recrysuUization. ,7/;„„„ ((Compound 6h). To a 

solution of 2,5-bis(4-amir,o-2-me.hylphenyl)fi.an W^^^^^^^^^ ^^^^ 
wasaddeddryB.OH(15ml)a„dthesoluUonw 1^^^^^^^^^^ 

Naphftyh„emyl)ftiobenzimida.ebydrobrom.de(0.815gr^^^^^^^^^ ^^^^^^^^ 
„ix.„re was stirred ovemigh, at room-.emperature. Th res^mg so^ 

. . Oil, Which was --7- 

dissolved in EtOH and basified with NaOH (IN), ana tne 
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■ .1, m««t of the solvent, the resulting suspension was 
After drying (Na.SO.) and removtng the most of *e sol ^^^^ 
diluted with excess ether to giveafluffyyenowsohd (0.6^^^^^^^^^^ 

required no purification. 'H NMR (DMSO-*). Zl'TmS ^TlK, 

'"-''^ :rHan?r^-::;— Cont.nuedst.rringofthe 

(40 m,»d filtered to ,e,d an orange po.der C0 40 ^^^^^^^^^ 
2.62(s.6H),7.0S(s,2H,7.44(<.2H, 7.7.^^^^^^^^^^ 

C»O.3.5Ha.0.5H.O (623.20): C. H, N, CI. 
2 C.ai22N.0.3.5HCl (586.12): C. H. N, CI. 

coon. — 

,..,e„o.need.e.mp2422^^^^^^^^^ 

1.90 (m, 20H), 2.14 (m, 2H), 5.71 (br s, 4iNti; v .^^^^^^^^ 

chromatography on s,hea(EtOAc-MeOH,y ) „,.^^M„ride- tan/peach soUd mp 244- 

.as the «.e,y cause of the incomplete react.on^^ ^^^^ '^^^^^^^^ ,h), 7.22 (s. 

248-Cdec. •HNMR(DMS0-*): ^"^^ ^« ' ^ , 3 , ^H). MS (FAB. 

,H),7.40(d,4H),7.96(d.2H).8.60(brs2H). .^(brs,2H) 109(h , 

flUoglycerol): 469.4 (U^, ^00). 

C3„H,sN4O.2HC1.0.75EtOH.0.25H.O(580.60):C.H.N. 

[001.5, 2>Bis[4.(,e..i.U^l>a^in'>-^-'-'-^^^^^^ (C--"""" ^'^^ 



°-^^^*^''"hW 5 7 8rrn. H,,7.94(d,6H). MS (EI): 484 (NT. 100). 
Calcd. f„rC3.H.N.O.2HC1.0.5H.0.569.39): C.H.N. 

nu^M 4-(2-auinolyUmino)aminophenyl]M''n (Compound 6i). Free 
[00116] 2.5-B.P-metHy (2, y ^^^^ .hnMR PMSWe): 

base: orange powdery orysmls, mp l^^-^^- ^ , 2H), 8.07 (d, 

2H), 8.12 (d, 2H), 8.44 (d, 2H), 8.50 (d, 2H) V ^ 

aec. 'H NMR (DMSO-..): 2.65 (s, °f ' 3„,, io.21 (br s, 2H). 

; 2H),8.20(d,2H),8.26(d,2H),8.46(d,2H 8.8 (d 2I0.^(b ^ ^ 

\ 1,98 (br s, 2H). MS (FAB, ftioglyoerol): m/z 587.2 (MIT, 
i C,sH,.N,O.2.0HC1.1.75H.O(691.13):C.H.N,a. 

Pree base: yellow crystalline so , , mp 156.58 C 

5 ^(OMSO-..: ^-^•^•^^r;^^';^.Le:Lses^ 
fi 7.70-7.76 (m, 4H), 8.18 (d. 2H), 8.45 (s, 2H). Hy 

5 .HNMR(DMSO-*): ««• ^ '^^f ^ ^ ' 2H) U,.07 (br s, 

(dd, 2H), 7.9S (d, 2H>, 8.03 (d. 21«^ <. 31.^ ^ ^ « ; ,.0). 118 

^00.18, ----r-trr^^^ 

Free base: Bright yellow crystalUne sohd, rnp % ,9 ( ^ ^^^^^ ^ 

^ (DMSCW.: 3.92 (s, 6H), ^^^^ ^l^^'^l'^l^^ ,2 (d, 2H), 8.63 (d, 2H, 
Signal, 6.89 (s. 2H), 7.55 (dd. 2H ) 7.86 ( ^2^. ^ 5 (m.^ ^^^^ ^^ ^ ^ 
Dihydrochloride: brick orange sohd. mp >180 C . 
..,.,.2H).7.18(d.2H).7.34(s3^,7.85(d,21^^,- 

:::;™;:r(:r::;:u.^^ 



.„„.Ca,ca.forOoH»N.0.2.0Ha.2,OH.O(627.5n:C,H.K.C,. 

6.85 (br s, 4NH), 7.02 (dd. 2H), 7.08 (d. 2H). 7.17 s, 2H ^ K ,^ 
NMR(DMSO-«: ^.45 (s. 2H), 7.60 (d, 2H) 7.80 „ 58 (br s, 2H). MS 530, 

; C.H»N.O.3.75Ha.0.5H.O(660.35):C,H,N,a. 



5 lOOUn EXAMPLES 

,001221 P«rif.cati.n.faeetamidiB.s , characterized as the HBr sal. 

[00123] The following acetamidines were punfied attd 
withoutconversiontothefreebase. Dihydrobromide (Compound 6e). 

Fluffy tan/orange sohd, mp 307-309.5 C K , ,4 (i, 4H), 8.52 (br s. 2H), 9.43 

(DMSO-*,70=C):2.37(s,6H),7.17(s,2H) 7.40 W (^^^ 

(brs,2H).lU3(brs.2H). MS (FAB, .hroglyoerol). 333.2 (M 

C^^4O.2.0HBr (494.23): C,H,N. 

, „^hvlDhenyll furm Dihydrobromide 

[00,25] f ":;^-i4"r^^^^ 

(Compound 60. Fluffy "''^7/^; .H), 7.27 (d. 2H), 7.28 (s, 



r NO.2 0HBr.0.3MeOH(531.89):C,H,N. 
361 .2 (MH^ 100). Anal. Calcd. for C.0H.0N4O.2.OHB 

[001261 EXAMPLE 9 

toon. -^''--;;- ;r^:^„lIt^^ 

7.0 mmol) and thioacetam.de (10.52 g,l • ^^3^ on an oil bath set initially at 80 

.MP.andthe — wasst.„edv.o.o.y.^^^^^^^^ 

T (the tetnperature gradually "^-^ '' '' ^ (TLC monitoring), the 

J. A.. CHen,. Soc. I960. 82, 2656-265 • Aft ^^^^^^ 
...tins o.„ge .sponsion was co.ed.n— 

9 litmpl37°C. 

. V/ Preoared as above from 2-cyano-5- 
L .L..vl-w..a.ac.on..eonO— .^^^^ 

S .962,2637-2658. Yield: 59%. ^' h), 9.42 (b. s,NH). 

5 3H) 7.60(brs,NH),7.61(dd,lH),8.31(d,lH),8.57(d,lH), 

[001301 EXAMPLE 10 
ether, and dried in vacuo. 

• J . Yield- 91%. White solid, 

8.01 (s, IH). 



- -J * vvtr Yield- 94%. White solid, mp 
210-212 »C dec. 'H NMR (DMSO-*): 4.90 (s, 2H), 7.54-7.62 (m. 
7.78-7.82 (m. IH), 7.88-7.99 (m, 5H), 8.06 (s, IH). 

.Ud. .92 "C dec. 'H NMR (DMSO-*): . . ^ 7- 3-7.mm^ J 
,H). 7.76-7.79 (m, IH), 7.90-7.97 (m, 3H), 8.05 (s. IH), 8.10 8.14 (m. 

8.78-8.80 (m, IH). 

fluffy solid, mp 190-191 C dec. n ' ,m s 17 fd IH) 8.64 (s, IH). 

2H), 7.59-7.62 (dd, IH), 7.90-7.97 (m, 4H), 8.05 (s, IH), 8.17 (d, IH), 



8.66 (d, IH). 



[00140] Difference, in ^ennal me.^g J^^^) " ^,,3^ 

..p..e.ep..ed..— 

p..„.inven.ion.e.fe.edasain.M.»..^.— ^^^^ ^^^^^ 

a fluoromertc broth microdiluhon assay. *e M.cropWe A ^^^^ 

. rollins L et al., Antimicrob. Agents Chemother. 1997, 41, 
accordmg to CoUms, L. et , ^^^^^^^^ ^ ,„ 

compounds were initially assessed a. 6.25 ugtal ,f„MICby 

„f M least 90% relative to untreated cultures were further evalua 
fluorescence of at least 90 /. ^^^^^ ^ ^^^^ eoncentrat,on of 

lesting at lower concen— The MIC ^^^^ ^^^^^^^^^^ ^ 

compound effectmg a reduction of > 90/o o tuberculosis Antimicrobial 

.n^olcultu... ----f r^h"!^^^ and development 

Acquisition and Coordinatmg Facility (TAACl-)) tnr gi 
e:itwith.heU.S.>.a.ionalInstituteofA.lergy»dI„fecUousD.seases. 



• ™. The fungi used in this study for all the 
[00.42] Test org».s™s. The tog 

compounds in Table 1 ^ f ^ 

^.,..(s.^nf68.95).Exp.ded stud.es ona^e^^^^^^^^ 

^ediutn ;;;„^^«j,3M™on.holinopK,panesulfonicaoid. 
bicarbonate and buffered atpH7.0w.th0. aetermination of 

,00,.,. — .o the 

MICs of yeasts were performed by ^^^^^^ 
„endatio„s of the National —ee for Ch 

C— . /o.a,>.<ca/ lo^-'oo- — J^^^^^ 

A7„«on susceputmv .-,,"g ''7'"; J! p, ,,95) The only difference 

Conunittee for Clinical Laboratory ~ ^.J„^, .Uch ranged 

compared to the standardized method was the chotce "^ ^^J^. ^ ^ ^^.^ ^ 

--.O...n..B.ef,y,.s.e„^^^ 

adjusted to a concentration of 0.5 x 1 „,„fo™a„s, for which the results are 

♦ A« V, for all veasts except for C neojormu, , 
35»C, and readmg at 48 h for all y ^^^^^^ eoneentratton m 

I ^1 aliquou from mbes showing complete mhrbtUon ^ 

Lestdrugeoncentra.ion.hatyielded«.eeorf^.co^^^^^^ 

[00,46] Moldsweretestedbythesamemeth butw^ 
.ola.esweregrownonSabouraudde..ose^.^^^^^^^^ ^ ^^^^ 

(4 to 14 days); conidia were harvested by floodmg ^.^ ^ 

\,S. Nad ana 0.03V, Tween 80 in 

.emocytometer for counting and were th^drutedwnh^^ ^^^^^ 

— -cui^esw.^ 

72 h or until growth in the control tube was vstble. 



[001471 EXAMPLE 12 
100148] Results of Biological Testing 

[00,49] Melting temperatures were measured for the com, 
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ipounds5and6boundtopoly 



DNA. Since several of the comp oickerson-Drew dodecamer d 

interaction of these compounds wrth , sequence and 

(COCGAATTCOCOMSBQ lONO.) aO^^^^^^^^^ hin.n. of the dru. to the 

~"T:::::r:rr:ft.^ 

r>MA Affinities 
ATm I ATm 




(c) nt = not tested 

(d) nd = not determined 

,00.0, The p^t di^idino con.pound S. showed a stron. af«nit, for DKA . 
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C3 



1 ATn^ f>\ and the dodecamer (10.8). These 

... va,u. ^^^^^ 

values «.mpare well to those (25 and 1 1 7) the P ^^^.^^ 
..s„.es.....e.^ee.— ^^^^ 

guanidine cat,o„,c centers. Based on J ^ ,„iaine congeners 6a- 
„r for the parent disuanrd.no Sa^dfoM^^^^^^^ ^^^^^^ ^^^^^ 

several — ^^^^^^^^^^^ phen. or c.lohe.l terminal 

noted. First, reversed amidines beanng p y diguanidino 5a. 

g.ups(«h,«e and.-) Showed an increase .nam,r.o^^^^^^^ 

,..latedserlesofdlan.dlnes.suchan.n^^»^^^^ 

,oups was attributed to Increased van ^ W^J tn^^ 

walls of the minor-groove and such ts hkely me case m thr ' 

..eforthecompoundwlthatermlnal.-P^^^^^^^^^^^ 

, . The lower affinity oi oa may buggcov 

Us phenyl counterpart 6b. The lowe ^.^^^.^^^ ^^^^^^^ 

~ - r;— rr^ri phcn. nn. o^ the 

However, introduction of a methyl gro p ^^^^^ 
.arylfluansystemwithatermlnalphenyl^up^e.---^ ^^^^ 

„„e s^l. to that Of us f — t.^^ 1, l„h.dln. a«nit.^ 
methyl groups as found m6e and 6f, also led to ^ phenyl rings of the 

[00151] Il-ePl— tCvles for both the 
,,,.^1... l^ewor. produced strt^g ^ 
.lguanidi„eandreversedamidlneseries.Agam.W 
ending to the dodecamer for the --^7;^^^:;::^^^^ 

— 'r^;:;rrv: : — rvaiuJof s. .th s... .e most 

— ::rwro:rIr.es.ngestelec.on-wl.drawing.^^^ 

«'''^'-'^^""^*^r™;";';:;Les of compounds with t 

[00152] The ATm values for a ser.es ot P j„^<,uction of a single 

.h.6™)showedadif.ere„tsensi.ivitytosuhst ue^s ~ ^^^^ 

substituent on each of the two phenyl rmgs of the 2, d a^ 

introduction of a chloro group (61) resulted gm ^^^^ 
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T , These compounds gave MIC values between 1 to 3 ,g/ml agams, bo* 
tuberculosis. These compouiius 5 „ . xi,^ 9 s hi«; ralkvlimino] 

compomds in the temmal pynay g^ p . „ , „ ,„ 2 0 ttg/ml. Most of the 2-pyridyl 
againstM. m6..c«/o.« with MIC values rangmg&om 1.0 to 2.0 

pyridyl-substituted amidmes 6j and «k were 

(Table 3, Compound «i was "VJ^^'^'j' ^^J^^^ 

fi.n.icidal activity against several strains. Compound 6j was less 

===== 

show significant activity in the expanded fongus panel. 

• ^in«tionic 2 5-bis (4-guanidinophenyl) furans 5a-5f, 2,5-bis L4 
rnoi 561 To summarize, dicationic oit. & i,^„„n 
^ ^ /:„ fim and 2 5-bis [4-(alkylimino) aminophenyl] 

(arylimino) aminophenyl] fiirans 6a-6c, 6g-6m, and 2,5 ms i ^ 



• fi.„™ 2 5 bis [tri-n-butylstannyll toan. Themal 
6d^f have been syn.besi.ed s.ar«ng f^or. 2 5 ^'^^ ,^oC<^^ (SEQ E> 

„eU.. s..es wi. po. aA-dT an. .be J ^^^^^^^^ Bo. *e 

g„anidines and toe reversed am,dmes m fte 2,5 d,ary 

H in botb these classes show bo* anti&ngal and an.i-mycobac.erial 
[00157] Compounds .n both these ^.^^^^^ 
.U. in addition, they .ay be b.ad^spectrtnn ^^^^^ , , 

^'-''"--'"''"'"'^^^rwrrWmenUn screened against CW^^ 
less versus M^coftoCe^m "^^^^ ^ ^„ «ere fungicidal, unlilce a 

fourgaveMlCsof2^g/mlorless(5»,51.,6J, ; one of the tested compounds 

..L^U^galdrug — ^^^^^^^^^^^ 3^e 
exhibited a MIC of 1 ,g^ml and was g ^^^^^^ 

eompoundspossessedinhibitoryacti.^^-^^^^^^^^^ 
less potent forthispathogemcyeast compared w,* ^^^^^ 

„ Bvaluation against ro.— -^^^^^^^ 
; r:rn: :i t.mes more effectWe ^ P— ^ 

5 r— 




/ml MIC 80% = 80% of inoculum is inhibited. MIC 100% = 
invention being set forth in the following clmms. 
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CP 
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